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cordance with a transmission/reception timing of the sig-
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processing in accordance with rotation angles of the
probe. The writing control unit writes data in the storage
unit, other than the storage unit being subjected to read-
ing processing, storing the oldest data. The reading con-
trol unit reads the data from the storage unit, other than
the storage unit being subjected to writing processing,
storing the latest data. The tomographic image is con-
structed based on the data read by the reading control
unit.
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Description

[0001] This invention generally relates to an image diagnostic system and an apparatus for such a system.

[0002] Image diagnostic systems have been used for diagnosing arteriosclerosis, for preoperative diagnosis upon
coronary intervention by a high-performance catheter such as a dilatation catheter (i.e., balloon catheter) or stent, and
for assessing postoperative results.

[0003] Examples of these image diagnostic systems include intravascular ultrasound (IVUS) imaging systems. In
general, the intravascular ultrasound imaging system is constructed to control an ultrasonic transducer to perform radial
scanning within a blood vessel, to receive a reflected wave(s) (ultrasound echoes) reflected by biotissue (e.g. the blood
vessel wall) by the same ultrasonic transducer, to subject the reflected waves to processing such as amplification and
detection, and then to construct and display a tomographic image of the blood vessel on the basis of the intensities of
the received ultrasound echoes. An example of such a system is described in JP-A-H06-343637.

[0004] In addition to these intravascular ultrasound imaging systems, optical coherence tomography (OCT) imaging
systems have been developed in recent years for use as image diagnostic systems. In an OCT imaging system, a
catheter with an optical fiber incorporated therein is inserted into a blood vessel. The distal end of the optical fiber is
provided with an optical lens and an optical mirror. Light is emitted in the blood vessel while radially scanning the optical
mirror arranged on the side of the distal end of the optical fiber, and based on light reflected from biotissue forming the
blood vessel, a tomographic image of the blood vessel is then constructed and displayed. An example of this system is
described in JP-A-2001-79007.

[0005] Improved OCT imaging systems have been proposed in recent years which make use of a wavelength swept
light source.

[0006] As mentioned above, there are a variety of different image diagnostic systems which use different detection
principles. Nonetheless, they are all generally characterized in that a tomographic image (i.e. cross-sectional image) is
constructed and displayed by performing radial scanning with a probe. For the construction and display of a high-accuracy
tomographic image, it is desirable that a transmission/reception cycle of signals from the probe and a rotation cycle for
the radical scanning are in complete synchronization. In general, the rotational speed of a radial scan motor is controlled
in synchronization with the transmission/reception repeated at a constant clock in the probe.

[0007] The rotational speed of a radial scan motor, however, fluctuates due to variations in torque which occur as a
result of changes in the degree of bending of a catheter. Therefore, it is difficult to achieve complete synchronization
between the rotational speed of the radial scan motor and the cycle of transmission/reception of signals at the probe.
[0008] When a tomographic image is constructed with 1,024 lines by controlling the rotational speed of a radial scan
motor, for example at 1,800 rpm (30 Hz), the transmissions/receptions can be performed in accordance with a clock
speed of 30.72 kHz. If the rotational speed of the radial scan motor fluctuates by 0.05%, however the number of trans-
missions/receptions increases or decreases by one transmission/reception in every rotation for radial scanning.
[0009] When the number of transmissions/receptions increases or decreases by one transmission/reception in every
rotation for radial scanning, the resulting displayed tomographic image is blurred in a circumferential direction or is
displayed while slowly turning.

SUMMARY

[0010] According to one aspect, an image diagnostic system comprises a probe positionable in a body cavity and
configured to repeatedly transmit signals into a body cavity and receive reflected signals which are reflected by biotissue
surrounding the body cavity, and a control unit configured to produce data based on the reflected signals to construct
a tomographic image of the body cavity and surrounding biotissue. The control unit comprises plural storage units in
which are to be stored the datain transmission/reception units, a writing control unit configured to control writing processing
of the data in which the data is written in the storage units in accordance with a transmission/reception timing of the
signals, and a reading control unit configured to control reading processing of the data stored in the storage units in
which the data stored in the storage units is read in accordance with a rotation angle of the probe. The writing control
unit controls the writing processing to write the data in the storage unit in which stored data is oldest, and the reading
control unit controls the reading processing to read the data in the storage unit in which the stored data is newest. A
display unit is configured to display the tomographic image constructed by the control unit based on the data read by
the reading control unit.

[0011] Anotheraspectinvolves animage diagnostic apparatus for controlling a probe, which is adapted to be connected
to the image diagnostic apparatus and which repeatedly transmits signals into a body cavity which are reflected by
biotissue surrounding the body cavity to perform radial scanning within the body cavity. The image diagnostic apparatus
comprises a control unit configured to produce data based on the reflected signals and to construct a tomographic image
of the body cavity and the biotissue surrounding the body cavity on a basis of the data, and a display unit configured to
display the tomographic image. The control unit comprises plural storage units in which are to be stored the data in
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transmission/reception units, a writing control unit configured to control writing processing of the data in the storage units
in accordance with a transmission/reception timing of the signals, and a reading control unit configured to control reading
processing of the data stored in the storage units in accordance with a rotation angle of the probe. The writing control
unit controls the writing processing to write the data in the storage unit which contains stored data that is oldest and
which is not being subjected to reading processing, and the reading control unit controls the reading processing to read
the data in the storage units which contains the stored data that is newest and which is not being subjected to writing
processing. The tomographic image is constructed based on the data read by the reading control unit.

[0012] Amethod for processing information in animage diagnostic system connected to a probe comprises transmitting
signals from the probe into a body cavity and receiving signals reflected from biotissue surrounding the body cavity,
producing data based on the received reflected signals, performing writing processing of the data to store the data, in
transmission/reception units of the signals, in individual storage units in accordance with a transmission/reception timing
of the signals, and performing reading processing of the data stored in the storage units to read the data in the storage
units in accordance with a rotation angle of the probe. The writing processing is performed to write the data to the storage
unit which is not being subjected to reading processing and which has stored therein the data that is oldest, and the
reading processing is performed to read the data from the storage unit which is not being subjected to writing processing
and which has stored therein the data that is newest. A tomographic image of the body cavity and surrounding biotissue
is constructed based on the data that is read during reading processing, and the tomographic image of the body cavity
and surrounding biotissue is displayed.

[0013] In accordance with another aspect, a method for producing a tomographic image of a body cavity and sur-
rounding biotissue comprises positioning a probe in a body cavity, transmitting signals from the probe into the body
cavity and receiving signals reflected from the biotissue surrounding the body cavity, producing data based on the
received reflected signals, writing the data, in transmission/reception units of the signals, in individual storage units in
accordance with a transmission/reception timing of the signals to store the data in the storage units, with the data being
written in the storage unit in which is stored the data that is oldest, and reading the data stored in the storage units in
accordance with a rotation angle of the probe, with the data being read from the storage unit in which is stored the data
that is newest and to which data is not being written. The method also involves constructing a tomographic image of the
body cavity and the surrounding biotissue based on the data that is read, and displaying the tomographic image of the
body cavity and the surrounding biotissue.

[0014] Inotheraspects, there are also provided a recording medium with a control program stored therein for performing
by a computer the information processing method, and the control program.

[0015] The apparatus, system and method disclosed here permit production of a good quality tomographic image,
even when synchronization is not achieved between the rotation cycle of a probe in radial scanning and the cycle of
transmission/reception of signals at the probe.

[0016] The foregoing and additional aspects of the disclosed system and method will become more apparent from
the following detailed description considered with reference to the accompanying drawing figures briefly described below.
[0017] FIG. 1 is a perspective view generally illustrating aspects and features of an IVUS imaging system according
to a first embodiment disclosed herein.

[0018] FIG. 2is ablock diagram schematically illustrating additional aspects and features of the IVUS imaging system.
[0019] FIG. 3 is a perspective view of the overall construction of a catheter section in the IVUS imaging system.
[0020] FIG. 4 is a cross-sectional view of the distal end portion of the catheter section shown in FIG. 3.

[0021] FIG. 5 is a perspective view of the catheter section showing the manner of sliding a driveshaft relative to a
catheter sheath in the catheter section.

[0022] FIG. 6 is a block diagram schematically illustrating aspects of a signal processing unit in the IVUS imaging
system.

[0023] FIGS. 7A and 7B are perspective views in cross-section of a blood vessel and the catheter section inserted
therein, illustrating movements of the catheter section during an intravascular ultrasound diagnosis.

[0024] FIGS. 8A-8D are schematic illustrations of aspects of a line memory unit in the IVUS imaging system and an
outline of the processing at the line memory unit.

[0025] FIG. 9is a flow chart illustrating the operational aspects of the writing processing at the line memory unit.
[0026] FIG. 10 is a flow chart showing operational aspects of the reading processing at the line memory unit.

[0027] FIG. 11 is a timing chart illustrating when output pulses from an encoder and a transmission/reception timing
of an ultrasonic transducer are in synchronization.

[0028] FIG. 12Ais a timing chart illustrating when output pulses from the encoder and a transmission/reception timing
of the ultrasonic transducer are out of synchronization.

[0029] FIG. 12Bis a timing chart illustrating when output pulses from the encoder and a transmission/reception timing
of an ultrasonic transducer are also out of synchronization.

[0030] FIGS. 13A and 13B are waveform diagrams illustrating the principle of a measurement by an OCT imaging
system according to another embodiment disclosed herein.
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[0031] FIG. 14 is a block diagram schematically illustrating the basic principle of the OCT imaging system.

[0032] FIG. 15 is a block diagram depicting operational aspects of the OCT imaging system.

[0033] FIG. 16 is a cross-sectional view of a distal end portion of a catheter section in the OCT imaging system.
[0034] FIG. 17 is a block diagram schematically illustrating aspects of a signal processing unit in the OCT imaging
system.

[0035] FIGS. 18A-18D are schematic illustrations of aspects of a line memory unit in the OCT imaging system and
the outline of processing at the line memory unit.

[0036] FIG. 19Ais a flow chart illustrating the operational aspects of writing processing at the line memory unit.
[0037] FIG. 19B is a flow chart illustrating operational aspects of reading processing at the line memory unit.

[0038] FIG. 20A is a timing chart illustrating when output pulses from an encoder and a movement cycle timing of the
optical path of a reference mirror for low-coherence light are out of synchronization.

[0039] FIG. 20B is a timing chart illustrating when output pulses from an encoder and a movement cycle timing of the
optical path of a reference mirror for low-coherence light are also out of synchronization.

[0040] FIG. 21 is a block diagram illustrating the basic principle of an OCT imaging system according to a third
embodiment, which makes use of a wavelength swept light source.

[0041] FIG.22is ablock diagram illustrating functional aspects of the OCT imaging system making use of a wavelength
swept light source.

[0042] FIG. 23 is a block diagram depicting operational aspects of a signal processing unit in the OCT imaging system
making use of a wavelength swept light source.

[0043] FIGS. 24A-24D are schematic illustrations of aspects of a line memory unit in the OCT imaging system making
use of a wavelength swept light sourceand the outline of processing at the line memory unit.

[0044] FIG. 25A is a flow chart showing aspects of the writing processing at the line memory unit.

[0045] FIG. 25B is a flow chart showing aspects of the reading processing at the line memory unit.

[0046] FIG. 26A is a timing chart illustrating when output pulses from an encoder and a timing of wavelength sweep
of irradiation light are out of synchronization.

[0047] FIG. 26B is a timing chart illustrating when output pulses from an encoder and a timing of wavelength sweep
of irradiation light are also out of synchronization.

[First Embodiment]

[0048] Referring to FIG. 1, an intravascular ultrasound (IVUS) imaging system (i.e., image diagnostic system) 100
according to one illustrated and disclosed embodiment includes a catheter section (i.e., probe) 101, a scanner & pull-
back unit 102 and an operation control system 103. The scanner & pull-back unit 102 and the operation control system
103 are connected together via a signal line 104 and compose an image diagnostic apparatus.

[0049] The catheter section 101 is adapted to be inserted directly into a blood vessel to measure internal conditions
of the blood vessel by way of an ultrasonic transducer 401b which is shown in Fig. 4. The scanner & pull-back unit 102
controls movements of the ultrasonic transducer 401b within the catheter section 101.

[0050] The operation control system 103 operates to input various preset values upon performing an intravascular
ultrasound diagnosis and to also process data acquired by a measurement and to display them as a tomographic image.
[0051] The operation control system 103 includes a main control unit 111 which performs processing of data acquired
by a measurement and outputs the results of the processing, and a printer & DVD recorder 111-1 which prints the results
of the processing in the main control unit 111 or records (i.e., stores) them as data.

[0052] The operation control system 103 also includes a control panel 112. Through the control panel 112, a user is
able to input various values such as preset values. In addition, the operation control system 103 includes an LCD monitor
113 (i.e., display) which displays the results of the processing in the main control unit 111.

[0053] FIG. 2 schematically illustrates in more detail aspects and features of the IVUS imaging system 100 illustrated
in FIG. 1. The distal end of the catheter section 101 is internally provided with an ultrasonic transducer unit 201. With
the distal end of the catheter section 101 inserted within a blood vessel, the ultrasonic transducer unit 201, responsive
to a pulse wave transmitted by an ultrasonic signal transmitter/receiver 221, transmits ultrasound in the direction of a
section of the blood vessel, and receives the reflected signals (echoes) and transmits them as ultrasonic echo signals
to the ultrasonic signal transmitter/receiver 221 via a connector 202 and a rotary joint 211.

[0054] The scanner & pull-back unit 102 includes the rotary joint 211, a rotary drive unit 212 and a linear drive unit
215. The ultrasonic transducer unit 201 within the catheter section 101 is rotatably mounted by the rotary joint 211, which
connects a non-rotatable block and a rotatable block with each other, and is rotationally driven by a radial scan motor
213. Rotation of the ultrasonic transducer unit 201 in a circumferential direction within the blood vessel makes it possible
to detect ultrasound echo signals required for the construction of a tomographic image of the blood vessel at the pre-
determined position within the blood vessel.

[0055] Itisto be noted that the operation of the radial scan motor 213 is controlled based on a control signal transmitted
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from a signal processor 225 via a motor control circuit 226. Further, each rotation angle of the radial scan motor 213 is
detected by an encoder 214. Each output pulse outputted at the encoder 214 is inputted in the signal processor 225,
and is used as a timing for the reading of signals to be displayed.

[0056] The scanner & pull-back unit 102 includes the linear drive unit 215 and, based on an instruction from the signal
processor 225, specifies movements of the catheter section 101 in the direction of its insertion.

[0057] The ultrasonic signal transmitter/receiver 221 includes a transmission circuit and a reception circuit (not shown).
Based on a control signal transmitted from the signal processor 225, the transmission circuit transmits a pulse wave to
the ultrasonic transducer unit 201 in the catheter section 101.

[0058] The reception circuit, on the other hand, receives the signals based on the ultrsonic echoes from the ultrasonic
transducer unit 201 in the catheter section 101. The thus-received signals are amplified by an amplifier 222.

[0059] At an A/D converter 224, the signals outputted from the amplifier 222 are sampled to produce digital data
(ultrasound echo data) for one line.

[0060] Ultrasound echo data produced in line units at the A/D converter 224 are inputted into the signal processor
225. The signal processor 225 detects the ultrasound echo data, constructs tomographic images of the blood vessel at
respective positions within the blood vessel, and outputs them at a predetermined frame rate to the LCD monitor 113.
[0061] The overall general construction of the catheter section 101 is illustrated in FIG. 3. The catheter section 101
is constructed of an elongated catheter sheath 301 adapted to be inserted into a blood vessel and a connector 302, not
inserted into the blood vessel, that is arranged on the side of the user’s hand to permit handling and operation by the
user. A guidewire lumen 303 is provided at the distal end of the sheath 301. Within the catheter sheath 301 is a lumen
which continuously extends from a connecting portion with the guidewire lumen 303 to a connecting portion with the
connector 302.

[0062] The connector 302 is composed of a sheath connector 302a and a driveshaft connector 302b. The sheath
connector 302a is constructed integrally with the proximal end of the catheter sheath 301. The driveshaft connector
302b is arranged on the proximal end of a driveshaft, which will be described subsequently herein, to rotatably hold the
drive shaft.

[0063] An anti-kink protector 311 is arranged at a boundary portion between the sheath connector 302a and the
catheter sheath 301. The arrangement of this anti-kink protector 311 makes it possible to maintain a predetermined
degree of stiffness, thereby preventing any short tight twist or curl which might otherwise be caused by a sudden change
in torque. The driveshaft connector 302b is provided with an injection port 312 to which a syringe (not illustrated) or the
like can be attached to fill up the lumen of the catheter sheath 301 in its entirety with an ultrasound transmission fluid.
The proximal end of the driveshaft connector 302b is constructed to be connected to the scanner & pull-back unit 102.
[0064] FIG. 4 illustrates in more detail the distal end portion of the catheter section 101. Through the lumen of the
catheter sheath 301, an imaging core 403 extends over substantially the entire length of the catheter sheath 301. The
imaging core 403 is provided with an ultrasonic transducer unit 401 for transmitting and receiving ultrasound and also
includes the driveshaft 402 for transmitting drive force to rotate the ultrasonic transducer unit 401. The ultrasonic trans-
ducer unit 401 is comprised of an ultrasonic transducer 401 b and a housing 401 a in which the ultrasonic transducer
401 b is held. Ultrasound is transmitted from the ultrasonic transducer 401b toward the surrounding biotissue of a body
cavity, and reflected waves from the surrounding biotissue of the body cavity are received at the ultrasonic transducer
401b.

[0065] The driveshaft 402 is constructed in the form of a coil, accommodates a signal line therein, and extends from
the ultrasonic transducer 401b to the connector 302.

[0066] The ultrasonic transducer 401b possesses a rectangular or circular shape, and is formed by depositing elec-
trodes on opposite sides of a piezoelectric member made of PZT or the like. The ultrasonic transducer 401b is arranged
to assume a position around the central axis of rotation to prevent the driveshaft 402 from causing rotational fluctuations.
[0067] The housing 401a is in the form of a short cylindrical tube provided at a part thereof with a cut-off portion.
Examples of materials forming the housing 401a include metal or hard resin. Examples of methods for forming the
housing 401a include machining such as cutting, laser machining or pressing a tubular material to form the cut-off portion,
or the desired shape may be directly obtained by injection molding, MIM (metal injection molding) or the like. The housing
401a carries the ultrasonic transducer 401b therein. The proximal end side of the housing 401a is connected with the
driveshaft 402. On the distal end side of housing 401a, a resilient member 404 in the form of a short coil is arranged.
[0068] The resilient member 404 is coil-shaped wire which can be produced by forming a stainless steel wire into a
coiled shape. The arrangement of the resilient member 404 on the distal end side of the housing 401a provides the
imaging core 403 with improved stability upon rotation. Gold plating can be applied to a surface of the resilient member
404 or the housing 401 a. As gold is a metal having high x-ray opacity, the gold plating permits visualization of the
resilient member 404 in an image taken by an x-ray imaging system when the catheter sheath 301 is inserted into a
body cavity. As a consequence, the user can easily ascertain the position of the ultrasonic transducer 401b.

[0069] At a boundary portion between the distal end portion of the catheter sheath 301 and the guidewire lumen 303,
a discharge channel 405 is arranged to discharge out the ultrasound transmission fluid injected during priming.
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[0070] A reinforcement coil 406 is arranged inside the catheter sheath 301 to assist in preventing kinking of the distal
end portion of the catheter sheath 301.

[0071] The guidewire lumen 303 has a bore adapted to receive a guidewire. The guidewire is inserted beforehand in
a body cavity and is utilized to guide the catheter sheath 301 to a diseased part.

[0072] The driveshaft 402 is constructed of a multiple or multilayer, tight coil or the like having properties such that it
can rotate and slide relative to the catheter sheath 301, is flexible, and can relatively smoothly transmit rotation. The
multiple or multilayer, tight coil or the like may be made, for example, of a wire of a metal such as stainless steel.
[0073] Owing to the rotation of the driveshaft 402, the lumen can be observed over 360 degrees. To perform an
observation over a still greater range, it is only necessary to slide the driveshaft 402 in the axial direction.

[0074] FIG. 5 schematically illustrates the manner in which the driveshaft 402 is slidably pulled back relative to the
catheter sheath 301. The sliding of the driveshaft connector 302b toward its proximal end (in the direction of arrow 501)
with the sheath connector 302a held fixed causes the driveshaft 402, which is accommodated within and fixed to the
driveshaft connector 302b, and the ultrasonic transducer unit 401, which is fixedly secured on the distal end of the
driveshaft 402, to also slide in the axial direction. This axial sliding may be effected either manually by the user or by an
electrical drive. On the distal end side of the driveshaft connector 302b, a protecting inner tube 502 is arranged to avoid
exposure of the driveshaft 402 which rotates at a high speed.

[0075] Various aspects of the signal processor 225 forming a part of the operation control system 103 of the IVUS
imaging system 100 are illustrated in FIG. 6. The signal processor 225 includes a control unit 604 which systematically
controls the IVUS imaging system 100 in its entirety, and a transmission unit 605 which transmits operating instructions
to the ultrasonic signal transmitter/receiver 221.

[0076] The signal processor 225 also includes a line memory unit 601. At the line memory unit 601, ultrasound echo
data transmitted from the ultrasonic signal transmitter/receiver 221 via the amplifier 222 and the A/D converter 224 are
successively received on a transmission/reception unit (line unit) basis, and are temporarily held.

[0077] The ultrasound echo data temporarily held in the line memory unit 601 is read in accordance with output pulses
from the encoder 214 as needed (based on instructions from the control unit 604), and are then fed to a signal post-
processor 602. Additional details about the line memory unit 601, writing operations to the line memory unit 601 and
reading operations from the line memory unit 601 will be described in more detail below.

[0078] The signal post-processor 602 performs processing such as logarithmic conversion, frame correlation, gamma
correction, contrast adjustment and sharpness filtering on the ultrasound echo data read from the line memory unit 601,
and outputs the resulting data to an image construction unit 603.

[0079] At the image construction unit 603, streams of ultrasound echo data in the transmission/reception units (line
units) of ultrasound are converted into video signals. Based on the video signals, tomographic images to be displayed
on the LCD monitor 113 are constructed.

[0080] FIGS. 7A and 7B schematically illustrate movements of the catheter section 101 during an intravascular ultra-
sound (IVUS) diagnosis. FIG. 7A shows a section of a blood vessel 701 in which the catheter section 101 has been
inserted. As described above, the ultrasonic transducer 401b is internally mounted at the distal end of the catheter
section 101, and is rotated in the direction of arrow 702 by the radial scan motor 213.

[0081] Fromthe ultrasonictransducer401b, the transmission/reception of ultrasound is performed atrespective rotation
angles. Lines 1, 2, ...., 1024 indicate the transmitting directions of ultrasound at the respective rotation angles. In this
embodiment, 1,024 times of transmissions/receptions are intermittently performed while the ultrasonic transducer 401b
rotates over 360 degrees in a predetermined blood vessel section 701. The number of transmissions/receptions of
ultrasound during 360-degree rotation is not limited specifically to 1,024, but can be set as desired. The scanning that
is repeated with the transmission/reception of a signal while rotating the ultrasonic transducer 401b as described above
is generally called "radial scan" or "radial scanning".

[0082] The transmissions/receptions of ultrasound are performed while advancing the catheter section through the
blood vessel in the direction of arrow 703 shown in FIG. 7B.

[0083] The construction of the line memory unit 601 and a general outline of the processing occurring at the line
memory unit 601 in the IVUS imaging system 100 according are described below with reference initially to FIGS. 8A-8D.
[0084] As shown in FIGS. 8A-8D, the line memory unit 601 is composed of line memories 801, 802, 803 for three
lines. Ultrasound echo data are inputted in transmission/reception units (line units) to the line memory unit. The inputted
ultrasound echo data are written in the line memories in synchronization with a timing of transmission/reception at the
ultrasonic transducer, respectively.

[0085] Here, each writing is performed to one of the line memories other than a line memory being read, specifically
the one line memory storing the oldest data therein. At this time, the oldest data which have previously been written are
deleted.

[0086] On the other hand, the reading of ultrasound echo data from each line memory is performed in synchronization
with a corresponding output pulse from the encoder 214. The reading is performed from one of the line memories, other
than a line memory being read, specifically the one line memory storing the latest (newest) ultrasound echo data.
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[0087] An example will be described with reference to FIGS. 8A-8D. FIG. 8A illustrates a state in which ultrasound
echo data 1 are stored in the line memory A (801), ultrasound echo data 2 are stored in the line memory B (802), and
ultrasound echo data 0 are stored in the line memory C (803).

[0088] Now assume that ultrasound echo data 3 have been inputted. Supposing that no reading of ultrasound echo
data is being performed from any one of the line memories at the time of the input of the ultrasound echo data 3, a
determination is made as to the one of the line memories A(801) to C(803) containing the oldest ultrasound echo data.
[0089] Now assume that these ultrasound echo data become older in the order of:

ultrasound echo data 2 — the ultrasound echo data 1 — the ultrasound echo data 0. Accordingly, it is the line
memory C(803) that stores the oldest ultrasound echo data, and

the ultrasound echo data 3 are hence written in the line memory C(803). The writing of the ultrasound echo data in
the line memory can be controlled by a writing control unit forming a part of the control unit 604.

[0090] When anoutput pulse is received from the encoder 214 during the writing of the ultrasound echo data 3, reading
of ultrasound echo data is initiated. Because the line memory C(803) is being written at this time, it is the line memory
A(801) or the line memory B(802) that is possibly to be subjected to reading.

[0091] Now comparing the ultrasound echo data 1 stored in the line memory A(801) with the ultrasound echo data 2
stored in the line memory B(802), the ultrasound echo data 2 are newer so that the ultrasound echo data 2 stored in the
line memory B(802) are read. The reading of the ultrasound echo data can be controlled by a reading control unit forming
a part of the control unit 604.

[0092] FIG. 8B illustrates a state in which the writing of the ultrasound echo data 3 and the reading of the ultrasound
echo data 2 have been completed.

[0093] Thenassume thatultrasound echo data 4 have been inputted as depicted in FIG. 8C. Supposing that no reading
of ultrasound echo data is being performed from any one of the line memories at the time of the input of the ultrasound
echo data, a determination is made as to which of the line memories A to C has stored therein the oldest ultrasound
echo data.

[0094] Asitis the line memory A that stores the oldest ultrasound echo data, the ultrasound echo data 4 are written
in the line memory A.

[0095] When anoutput pulse is received from the encoder 214 during the writing of the ultrasound echo data 4, reading
of ultrasound echo data is initiated. Because the line memory A is being written at this time, it is the line memory B or
the line memory C that is possibly to be subjected to reading.

[0096] Now comparing the ultrasound echo data 2 stored in the line memory B with the ultrasound echo data 3 stored
in the line memory C, the ultrasound echo data 3 are newer so that the ultrasound echo data 3 stored in the line memory
C are read.

[0097] FIG. 8D illustrates a state that the writing of the ultrasound echo data 4 and the reading of the ultrasound echo
data 3 have been completed. Subsequently, similar processing is repeated.

[0098] Set forth below is a description of processing that is carried out at the line memory unit 601 to achieve the
above-described signal processing. The following description is based on the assumption that the number of lines per
rotation is 1,024, though as noted above this number of lines per rotation can be varied.

[0099] FIG 9 shows the writing processing at the line memory unit 601. In step S901, a determination is made as to
whether or not an input of ultrasound echo data in the line unit has been made. If the input has not been made, the
processing remains in a standby mode until the input is made. Once the input is made, the process advances to step
S902 where the line memory in the line memory unit 601, other than a line unit being read, storing the oldest data is
determined.

[0100] If the particular line memory is determined to be the line memory A in step S902, the process advances to step
S903. If the line memory is determined in step S902 to be the line memory B, the process advances to step S904, and
if the line memory is determined in step S902 to be the line memory C, the process advances to step S905.

[0101] In step S903, the ultrasound echo data inputted in step S901 are written in the line memory A. In step S904,
the ultrasound echo data inputted in step S901 are written in the line memory B. In step S905, the ultrasound echo data
inputted in step S901 are written in the line memory C. The above processing is performed whenever ultrasound echo
data are inputted.

[0102] FIG. 10 is a flow chart showing the flow of reading processing at the line memory unit 601. In step S1001, a
determination is made as to whether or not an output pulse from the encoder 214 has been received. If an output pulse
has not been received, the process remains standing by until it is received. If the output pulse has been received, on
the other hand, the process advances to step S1002 in which it is determined the one of the line memories in the line
memory unit 601, other than that being subjected to writing processing, storing the latest (newest) data.

[0103] If the particular one line memory is determined to be the line memory A in step S1002, the process then
advances to step S1003. If it is determined in step S1002 to be the line memory B, the process advances to step S1004,
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and if it is determined in step S1002 to be the line memory C, the process advances to step S1005.

[0104] In step S1003, the ultrasound echo data stored in the line memory A are read. In step S1004, the ultrasound
echo data stored in the line memory B are read. In step S1005, the ultrasound echo data stored in the line memory C
are read. The above processing is performed whenever ultrasound echo data are inputted.

[0105] Examples of the writing and reading processing at the line memory unit 601 are described below with reference
to FIGS. 11, 12A and 12B.

[0106] When synchronized

[0107] FIG. 11 is a timing chart when the output pulses from the encoder 214 and the timing of transmission/reception
at the ultrasonic transducer are in synchronization. In this figure, numeral 1101 indicates the timing of trigger signals
which control the timing of transmission at the ultrasonic transducer.

[0108] Numeral 1102 indicates the timing of reception of reflected waves (ultrasound echoes) from a surrounding
biotissue of a body cavity in response to ultrasound transmitted based on the trigger signals 1101. Numeral 1103
designates the production timing of ultrasound echo data produced based on the ultrasound echoes.

[0109] On the other hand, numeral 1104 indicates the timing of the output pulses from the encoder 214. Further,
numeral 1105 indicates the timing of reading at the line memory unit 601.

[0110] When the output pulses from the encoder 214 and the timing of transmission/reception at the ultrasonic trans-
ducer are in synchronization as shown in FIG. 11, the ultrasound echo data written in the line memory unit 601 and the
data read by the reading control unit are in agreement exactly..

[0111] When not synchronized (when the radial scan motor is delayed relative to the timing of transmission/reception)
[0112] FIG. 12Ais a timing chart illustrating a situation in which the output pulses from the encoder 214 and the timing
of transmission/reception at the ultrasonic transducer are out of synchronization. FIG. 12A shows that the output pulses
from the encoder 214 are delayed relative to the timing of production of ultrasound echo data for a delay or the like of
the radial scan motor.

[0113] Specifically, FIG. 12A shows a state in which, because the output pulses from the encoder 214 are delayed
relative to the timing of production of ultrasound echo data, the reading of Data 4 is performed without effecting the
reading of Data 3.

[0114] In other words, despite the production of Data 3 as ultrasound echo data (1103), Data 4 are produced and
stored in the lime memory unit 601 before Data 3 are read. At the time (timing 1201) that an output pulse from the
encoder 214 has been received, the latest ultrasound echo data are, therefore, determined to be Data 4 instead of Data
3. As a result, Data 3 are not read but Data 4 are read.

[0115] Itis to be noted that Data 3 will not be used for the construction of a tomographic image because they will be
overwritten by ultrasound echo data to be produced subsequently.

[0116] When notsynchronized (when the radial scan motor is advanced relative to the timing of transmission/reception)
[0117] FIG. 12B is a timing chart illustrating another situation in which the output pulses from the encoder 214 and
the timing of transmission/reception at the ultrasonic transducer are out of synchronization. Here though, FIG. 12B shows
that the output pulses from the encoder 214 are advanced relative to the timing of production of ultrasound echo data
for an advance or the like of the radial scan motor.

[0118] Specifically, FIG. 12B shows a state in which, because the output pulses from the encoder 214 are advanced
relative to the timing of production of ultrasound echo data, the production of ultrasound echo data as Data 4 has not
been completed at the time that Data 4 are supposed to be read. Therefore, the reading of Data 3 is performed again.
[0119] In other words, at the time (1202) that an output pulse from the encoder 214 has been received, the latest
ultrasound echo data are determined to be Data 3 and so the reading of Data 3 is performed again.

[0120] As is evident from the above description, the IVUS imaging system according to this embodiment makes it
possible to perform appropriate reading of ultrasound echo data in accordance with the rotation cycle of the probe during
radial scanning even when synchronization does not exist between the rotation cycle of the probe in the radial scanning
and the transmission/reception cycle of ultrasound from the probe.

[0121] As aresult, itis possible to reduce or eliminate the difficulties encountered in other systems mentioned above
in which a tomographic image may be displayed blurred in the circumferential direction or may be displayed while slowly
turning.

[Second Embodiment]

[0122] The description setforth above concerning the firstembodiment describes the processing at the signal processor
when the radial scanning by the ultrasonic transducer is made faster in the IVUS imaging system. However, the disclosed
system and method are not limited specifically to IVUS imaging systems. Indeed, the disclosure herein is also applicable
to other image diagnostic systems. The description which follows described application of the disclosed subject matter
to an optical coherence tomography (OCT) imaging system.

[0123] Forbackground purposes, set forth below is a general description of the diagnostic principle of the OCT imaging
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system. Because light is electromagnetic radiation, it generally has the property that beams of light interfere with each
other when they are superimposed. The interference property defining whether light interferes readily or hardly is called
"coherence." In general OCT imaging systems, low-coherence light (i.e., short-coherence light) of low interference
property is used.

[0124] Referring to FIG. 13A, when time is plotted along the abscissa and electric field is plotted along the ordinate,
low-coherence light becomes random signals as indicated at 1301 and 1302. Individual peaks in the figure are called
"wave trains", and have their own, mutually-independent phases and amplitudes. When the same wave trains (1301
and 1302) overlap with each other as in FIG. 13A, the wave trains interfere with each other to intensify each other as
represented at 1303. On the other hand, when there is a slight delay in time between wave trains (1304 and 1305 in
FIG 13B), the wave trains cancel each other so that no interference is observed as represented at 1306 in FIG. 13B.
[0125] The OCT imaging system makes use of these properties, and the basic principle of the system is illustrated in
FIG. 14. As illustrated, light emitted from a low-coherence light source 1401 is split into a reference path and a sampling
path at a beam splitter 1404. One of the resulting light beams which is split into the reference path is then directed toward
a reference mirror 1402 and another resulting light beam which is split into the sampling path is then directed toward an
imaging target (i.e. blood vessel wall) 1403. At this time, reflected light returning from the imaging target includes light
reflected on the surface of the imaging target, light reflected at shallow points in the imaging target, and light reflected
at deep points in the imaging target.

[0126] Astheincidentlightislow-coherence light, the reflected light on which interference can be observed is, however,
only the reflected light from a reflection surface located at a position apart by a distance of L + AL/2 from the beam
splitter 1404, where L represents the distance from the beam splitter 1404 to the reference mirror 1402 and AL represents
a coherence length.

[0127] By changing the distance of the reference path from the beam splitter 1404 to the reference mirror 1402, it is
possible to selectively detect at a detector 1405 the reflected light from a reflection surface, which corresponds to the
thus-changed distance, in the imaging target. A tomographic image can then be constructed by visualizing internal
structural information of the imaging target on the basis of the intensities of reflected light beams corresponding to such
respective distances.

[0128] The general overall construction of the OCT imaging system is similar to that of the IVUS imaging system
described above and shown in FIG. 1 and so a detailed description of the construction is not repeated.

3. Aspects and Features of OCT imaging system

[0129] FIG. 15illustrates features and aspects associated with the OCT imaging system (i.e. image diagnostic system)
1500 according to this illustrated and disclosed embodiment. The system includes a low-coherence light source 1509
such as a light emitting diode of ultra-high intensity. The low-coherence light source 1509 outputs low-coherence light
having a wavelength around 1,310 nm, and the outputted low-coherence light shows interference property only in such
a short distance range that its coherence length approximately ranges from several micrometers to over ten micrometers.
[0130] When the light is split into two and the resulting beams of light are combined back, the combined light is,
therefore, detected as coherent light when the difference between the two optical path lengths from the splitting point
to the combining point falls within a short distance range around 17 um, but no coherent light is detected when the
difference in optical path length is greater than the above-described range.

[0131] The light from the low-coherence light source 1509 impinges on a proximal end face of a first single mode fiber
1528, and is transmitted toward its distal end face. At an optical coupler 1508 arranged midway along the first single
mode fiber 1528, the first single mode fiber 1528 is optically coupled with a second single mode fiber 1529 which
composes the reference path. Therefore, the light transmitted through the first single mode fiber 1528 is split into two
by the optical coupler 1508 and the resulting two beams of light (i.e., the sample path and the reference path) are
transmitted further.

[0132] On a more distal end side of the first single mode fiber 1528 than the optical coupler 1508, an optical rotary
joint 1503 is arranged to connect a non-rotatable block and a rotatable block with each other such that light can be
transmitted.

[0133] Further, an optical-probe connector 1502 is detachably connected to a distal end of a third single mode fiber
1530 in the optical rotary joint 1503. Via the connector 1502, the light from the low-coherence light source 1509 is
transmitted to a fourth single mode fiber 1531 which is inserted in an optical probe (i.e. catheter) 1501 and is rotationally
drivable.

[0134] The transmitted light is irradiated from the distal end side of the optical probe 1501 toward a surrounding
biotissure of a body cavity while performing radial scanning. A portion of reflected light scattered on a surface or interior
of the biotissue is collected by the optical probe 1501, and returns toward the first single mode fiber 1528 through the
reverse optical path. A portion of the thus-collected, reflected light is transferred by the optical coupler 1508 to the side
of the second single mode fiber 1529, and is introduced into a photodetector (for example, photodiode 1510) from an
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end of the second single mode fiber 1529. It is to be noted that the rotatable block side of the optical rotary joint 1503
is rotationally driven by a radial scan motor 1505 of a rotary drive unit 1504. Further, rotation angles of the radial scan
motor 1505 are detected by an encoder 1506. The optical rotary joint 1503 is provided with a linear drive unit 1507 which,
based on an instruction from a signal processor 1514, controls movement of the catheter section 101 in the direction of
its insertion.

[0135] On the more distal end side of the second single mode fiber 1529 than the optical coupler 1508, an optical path
length (OPL) varying mechanism 1516 is arranged to vary the optical path length of reference light.

[0136] This OPL varying mechanism 1516 is provided with a first OPL varying means for varying the optical path
length, which corresponds to the examinable range in the direction of the depth of the biotissue, at high speed and also
with a second OPL varying means for varying the optical path length by a length equivalent to a variation in the length
of a new optical probe to adjust the variation when the new optical probe is used as a replacement (so generally
intravascular probes are disposable for infection prevention).

[0137] Opposing the distal end of the second single mode fiber 1529, a grating (diffraction grating) 1519 is arranged
via a collimator lens 1521 which is mounted together with the distal end of the second single mode fiber 1529 on a single
axis stage 1520 and is movable in the direction indicated by arrow 1523. Further, a galvanometer mirror 1517 which is
rotatable over small angles is mounted as the first OPL varying means via the grating 1519 and an associated lens 1518.
This galvanometer mirror 1517 is rotated at high speed in the direction of arrow 1522 by a galvanometer controller 1524.
[0138] The galvanometer mirror 1517 serves to reflect light by its mirror, and functions as a reference mirror. The
galvanometer mirror 1517 is constructed such that its mirror mounted on a movable part of its galvanometer is rotated
at high speed by applying an a.c. drive signal to the galvanometer.

[0139] Described more specifically, by applying a drive signal to the galvanometer from the galvanometer controller
1524 and rotating the galvanometer at high speed in the direction of arrow 1522 with the drive signal, the optical path
length of reference light is varied at high speed by an optical path length equivalent to a detection range in the direction
of the depth of the biotissue. A single cycle of variations in optical path length (single scanning) becomes a cycle that
produces interference light data for a single line data (in line unit).

[0140] On the other hand, the single axis stage 1520 forms the second OPL varying means having a variable OPL
range just enough to adjust a variation in the optical path length of a new optical probe when the optical probe 1501 is
replaced by the new (i.e., another) optical probe. In addition, the single axis stage 1520 is also able to function as an
adjustment means for adjusting an offset. Even when the distal end of the optical probe 1501 is not in close contact with
a surface of the biotissue, for example, the optical probe can still be set in such a state as interfering from a position on
the surface of the biotissue by slightly varying the optical path length with the single axis stage 1520.

[0141] Thelight varied in the optical path length by the OPL varying mechanism 1516 is combined with the light, which
has returned from the first single mode fiber 1528, at the optical coupler 1508 arranged midway along the second single
mode fiber 1529, and the combined light is received at the photodiode 1510.

[0142] The light received at the photodiode 1510 is amplified by an amplifier 1511, and is then inputted into a demod-
ulator 1512. At the demodulator 1512, demodulation processing is performed to extract only the signal portion of the
interfered light, and the output of the demodulator 1512 is inputted into an A/D converter 1513.

[0143] At the A/D converter 1513, interference light signals are sampled as much as for 200 points to produce digital
data (interference light data) for one line. The sampling frequency is a value obtained by dividing with 200 the time
required for a single scan of the optical path length.

[0144] The interference light data in the line unit, which have been produced at the A/D converter 1513, are inputted
into the signal processor 1514. At this signal processor 1514, the interference light data in the direction of the depth are
converted into video signals to constitute tomographic images at respective positions in the blood vessel. These tomo-
graphic images are then outputted at a predetermined frame rate to an LCD monitor 1527.

[0145] The signal processor 1514 is connected with a position control unit 1526. The signal processor 1514 performs
control of the position of the single axis stage 1520 via the position control unit 1526. In addition, the signal processor
1514 is also connected with a motor control circuit 1525 to control rotational drive by the radial scan motor 1505.
[0146] Further, the signal processor 1514 is also connected with the galvanometer controller 1524 which controls the
scanning of the optical path length of the reference mirror (galvanometer mirror). The galvanometer controller 1524
outputs a drive signal to the signal processor 1514, and based on this drive signal, the motor control circuit 1525 is
synchronized with the galvanometer controller 1524. This synchronization, however, may be offset due to a variation or
the like in torque inside the blood vessel or the like.

[0147] The overall construction of the catheter section 101 in the OCT imaging system is the same as the overall
construction of the catheter section in the IVUS imaging system described above and so a detailed description of such
overall construction is not repeated here. With reference to FIG. 16, the following describes differences associated with
the construction of the distal end portion of the catheter section 101 in the OCT imaging system 1500.

[0148] An optical probe 1601 which irradiates/receives low-coherence light is arranged within the lumen of the catheter
sheath 301. The optical probe 1601 is provided with a prism or mirror 1601b to perform lateral irradiation. The optical
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probe 1601 includes the prism or mirror 1601b and a housing 1601a in which is held the prism or mirror 1601b. The
optical probe 1601 irradiates the low-coherence light toward a surrounding biotissue of a body cavity from the prism or
mirror 1601b, and receives the reflected light from the surrounding biotissue of the body cavity through the prism or
mirror 1601b.

[0149] An optical fiber is disposed through the drive shaft 402, and extends from the housing 1601 a to the connector
1502. As the advance injection of physiological saline (priming work) is not absolutely needed in the OCT imaging system
according to this embodiment, the priming discharge channel 405 formed at the boundary portion between the distal
end portion of the catheter sheath 301 and the guidewire lumen 303 in the IVUS imaging system described above may
be omitted.

[0150] Features associated with the signal processor 1514 in the OCT imaging system 1500 are illustrated in FIG.
17. The signal processor includes a control unit 1704 that systematically controls the OCT imaging system 1500 in its
entirety. The signal processor also includes a line memory unit 1701 at which interference light data transmitted from
the photodiode 1510 via the demodulator 1512 and the A/D converter 1513 are successively received in cycle units of
variations in optical path length (i.e., scanning line units), and are temporarily held.

[0151] The interference light data temporarily held in the line memory unit 1701 are read in accordance with output
pulses from the encoder 1506 as needed (based on instructions from the control unit 1704), and are then fed to a
correction unit 1702 as a signal post-processor. Additional details about the line memory unit 1701, including the writing
operations to the line memory unit 1701 and the reading operations from the line memory unit 1701, will be described
below in more detail.

[0152] The correction unit 1702 performs processing such as frame correlation, gamma correction, contrast adjustment
and sharpness filtering on the interference data read from the line memory unit 1701, and outputs the resulting data to
an image construction unit 1703.

[0153] At the image construction unit 1703, streams of interference light data in scanning units along the optical path
length by low-coherence light (line units) are converted into video signals. Based on the video signals, tomographic
images to be displayed on the LCD monitor 1527 are constructed.

[0154] FIGS. 18A-18D schematically illustrate the construction of the line memory unit 1701 in the OCT imaging system
1500 according to this embodiment and provide a general outline of the processing at the line memory unit 1701.
[0155] As shown in these figures, the line memory unit 1701 is composed of line memories (1801, 1802, 1803) for
three lines. Interference light data are inputted in OPL scanning units (line units) to the line memory unit 1701. The
inputted interference light data are written in the line memories.

[0156] Here, each writing is performed to the one of the line memories, other than that being read, storing the oldest
interference light data. At this time, the oldest interference light data which have already been written are deleted.
[0157] On the other hand, the reading of interference light echo data from each line memory is performed in synchro-
nization with a corresponding output pulse from the encoder 1506. The reading is performed from the one of the line
memories, other than that being read, storing the latest (newest) interference light data.

[0158] Anexample will be described with reference to FIGS. 18A-18D. FIG. 18A illustrates a state in which interference
light data 1 are stored in the line memory A(1801), interference light data 2 are stored in the line memory B(1802), and
interference light data 0 are stored in the line memory C(1803).

[0159] Now assume that interference light data 3 have been inputted. Supposing that no reading of interference light
echo data is being performed from any one of the line memories at the time of the input of the interference light data 3,
a determination is made as to in which one of the line memories A(1801) to C(1803) contains the oldest interference
light data.

[0160] Now assume that these interference light data become older in the order of the interference light data 2 — the
interference light data 1 — the interference light data 0 (oldest). Accordingly, it is the line memory C(1803) that stores
the oldest interference light data, and the interference light data 3 are hence written in the line memory C(1803). The
writing of interference light data in the line memory can be controlled by a writing control unit forming a part of the control
unit.

[0161] When an output pulse is received from the encoder 1506 during the writing of the interference light data 3,
reading of interference light data is initiated. Because the line memory C(1803) is being written at this time, it is the line
memory A(1801) or the line memory B(1802) that is possibly to be subjected to reading.

[0162] Now comparing the interference light data 1 stored in the line memory A(1801) with the interference light data
2 stored in the line memory B(1802), the interference light data 2 are newer and so the interference light data 2 stored
in the line memory B(1802) are read. The reading of the interference light data in the line memory can be controlled by
a reading control unit forming a part of the control unit.

[0163] FIG. 18B illustrates a state in which the writing of the interference light data 3 and the reading of the interference
light data 2 have been completed.

[0164] Then assume that interference light data 4 have been inputted as depicted in FIG. 18C. Supposing that no
reading of interference light data is being performed from any one of the line memories at the time of the input of the
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interference light data, a determination is made as to which of the line memories A to C has the oldest interference light
data stored therein.

[0165] Asitis the line memory A that stores the oldest interference light data, the interference light data 4 are written
in the line memory A.

[0166] When an output pulse is received from the encoder 1506 during the writing of the interference light data 4,
reading of interference light data is initiated. Because the line memory A is being written at this time, it is the line memory
B or the line memory C that is possibly to be subjected to reading.

[0167] Now comparing the interference light data 2 stored in the line memory B with the interference light data 3 stored
in the line memory C, the interference light data 3 are newer so that the interference light data 3 stored in the line memory
C are read.

[0168] FIG. 18D llustrates a state in which the writing of the interference light data 4 and the reading of the interference
light data 3 have been completed. Subsequently, similar processing is repeated.

[0169] Set forth below is a description of processing that is carried out at the line memory unit 1701 to achieve the
above-described signal processing. The following description is based on the assumption that the number of lines per
rotation is 1,024, though as noted above this number of lines per rotation can be varied.

[0170] As shown in FIG. 19A, the writing processing at the line memory unit 1701 begins in step S1901 with a deter-
mination of whether or not an input of interference light data in line unit has been made. If the input has not been made,
the process remains in a standby condition until the input is made. Once the input has been made, the process advances
to step S 1902 where the line memory in the line memory unit 1701, other than a line unit being subjected to reading
processing, storing the oldest data is determined.

[0171] If the particular line memory storing the oldest data is determined to be the line memory A in step S 1902, the
process then advances to step S 1903. If it is determined in step S 1902 to be the line memory B, the process advances
to step S 1904. If it is determined in step S 1902 to be the line memory C, the process then advances to step S1905.
[0172] In step S 1903, the interference light data inputted in step S1901 are written in the line memory A. In step S
1904, the interference light data inputted in step S 1901 are written in the line memory B. In step S 1905, the interference
light data inputted in step S1901 are written in the line memory C. The above processing is performed whenever inter-
ference light data are inputted.

[0173] FIG. 19B is a flow chart showing the reading processing at the line memory unit 1701. In step S1911, a
determination is made whether or not an output pulse from the encoder 1506 has been received. If it has not been
received, the process remains in a standby condition until the output pulse is received. Once the output pulse is received,
the process advances to step S 1912 where the one of line memories in the line memory unit 1701, other than a line
memory being subjected to writing processing, storing the latest (newest) interference light data is determined.

[0174] If the particular line memory storing the latest interference light data is determined to be the line memory A in
step S1912, the process then advances to step S 1913. If it is determined in step S 1912 to be the line memory B, the
process advances to step S 1914. If it is determined in step S 1912 to be the line memory C, the process advances to
step S1915.

[0175] In step S1913, the interference light data stored in the line memory A are read. In step S 1914, the interference
light data stored in the line memory B are read. In step S 1915, the interference light data stored in the line memory C
are read. The above processing is performed whenever interference light data are inputted.

[0176] Examples of the writing/reading processing at the line memory unit 1701 are described below with reference
to FIGS. 20A and 20B.

[0177] When not synchronized (when the radial scan motor is delayed relative to the cycle of variations in the optical
path length of the reference mirror)

[0178] FIG. 20A is a timing chart illustrating a situation in which the output pulses from the encoder 1506 and the
timing of scanning of the optical path length are out of synchronization.

[0179] In FIG. 20A, numeral 2001 indicates the timing of trigger signals which control the timing of scanning of the
optical path length of the reference mirror. Numeral 2002 designates signals received as reflected light from a surrounding
biotissue of a body cavity in response to low-coherence light scanning the optical path length based on the trigger signals
2001.

[0180] FIG. 20A shows that the output pulses from the encoder 1506 are delayed relative to the timing of production
cycle of interference light data (scanning of the optical path length).

[0181] Specifically, FIG. 20A shows a state in which, because the output pulses from the encoder 1506 are delayed
relative to the production cycle timing of interference light data, the reading of Data 4 is performed without effecting the
reading of Data 3.

[0182] In other words, despite the production of Data 3 as interference light data (2003), Data 4 are produced and
stored in the lime memory unit 1701 before Data 3 are read. At the point in time (timing 2011) that an output pulse from
the encoder 1506 has been received, the latest interference light data are, therefore, determined to be Data 4 instead
of Data 3. As a result, Data 3 are not read, but Data 4 are read.
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[0183] It is to be noted that Data 3 will not be used for the construction of a tomographic image because they will be
overwritten by interference light data to be produced subsequently.

[0184] When not synchronized (when the radial scan motor is advanced relative to the cycle of scanning of the optical
path length of the reference mirror)

[0185] FIG. 20B is a timing chart illustrating a situation in which the output pulses from the encoder 1506 and the
timing of scanning of the optical path length are out of synchronization. FIG. 20B shows that the output pulses from the
encoder 1506 are advanced relative to the production cycles of interference light data for an advance of the radial scan
motor.

[0186] Specifically, FIG. 20B shows a state in which, because the output pulses from the encoder 1506 are advanced
relative to the production cycles of interference light data, the production of interference light data as Data 4 has not
been completed at the timing that Data 4 are supposed to be read, and therefore, the reading of Data 3 has been
performed again.

[0187] Inother words, at a time (2012) when an output pulse from the encoder 1506 is received, the latest interference
light data are determined to be Data 3 so that the reading of Data 3 is performed again.

[0188] As is evident from the above description, the OCT imaging system according to this embodiment makes it
possible to perform appropriate reading of interference light data in accordance with the rotation cycle of the probe in
radial scanning even when synchronization is not achieved between the rotation cycle of the probe in the radial scanning
and the production cycle of interference light data from the probe.

[0189] As aresult, it is possible to reduce or eliminate difficulties encountered in other systems mentioned above in
which a tomographic image may be displayed blurred in the circumferential direction or may be displayed while slowly
turning.

[Third Embodiment]

[0190] The second embodiment described above applies subject matter disclosed herein to an OCT imaging system.
However, the subject matter at issue here is not specifically limited to OCT imaging systems, but can also be applied to
OCT imaging systems making use of a wavelength swept light source. The following description describes application
of the disclosed subject matter to an OCT imaging system making use of a wavelength swept light source.

[0191] Initially, a brief description is set forth of the measurement principle of the OCT imaging system making use of
a wavelength swept light source. This OCT imaging system and the OCT imaging system described above as the second
embodiment are basically the same in terms of the measurement principle as generally illustrated in FIGS. 13 and 14.
The following description primarily discusses differences of this version of the OCT imaging system relative to the OCT
imaging system described above as the second embodiment.

[0192] Itis the optical source that is different in measurement principle from the OCT imaging system described above
as the second embodiment. First, these OCT imaging systems are thus different in coherence length. More specifically,
a light source capable of emitting low-coherence light of from 10 pm to 20 wm or so in coherence length is used as the
light source in the OCT imaging system described above as the second embodiment. On the other hand, a light source
capable of emitting coherence light of from 4 mm to 10 mm or so in coherence length is used as a light source in the
OCT imaging system making use of a wavelength swept light source.

[0193] As areason for the above-mentioned difference, the range of the examinable range in the direction of the depth
of a biotissue is dependent on the movable range of the reference mirror in the OCT imaging system described above
as the second embodiment, but is dependent on the coherence length in the OCT imaging system making use of a
wavelength swept light source. To encompass the entire range in the direction of the depth of a biotissue such as a
blood vessel, an optical source having a relatively long coherence length is used in the OCT imaging system making
use of a wavelength swept light source.

[0194] Another difference in the light sources resides in that in the case of the OCT imaging system making use of a
wavelength swept light source, light beams having different wavelengths are continuously irradiated.

[0195] Inthe OCT imaging system according to the second embodiment described above, the extraction of reflected
light from individual points in the direction of the depth of the biotissue is achieved by movements of the reference mirror,
and the resolution in the direction of the depth of the measurement target is dependent on the coherence length of
irradiated light.

[0196] Inthe OCT imaging system making use of a wavelength swept light source, on the other hand, light is irradiated
while continuously varying its wavelength and the intensities of reflected light from individual points in the direction of
the depth of the biotissue are determined based on differences in the frequency component of interference light.
[0197] Takingthefrequency (the inverse of the wavelength) of scanning light as a time function represented by Equation
1 below, the intensity of interference light can generally be expressed by a time function represented by Equation 2.
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(Equation 1) f(t) = f, + Aft

(Equation 2) I(t) = A + Beos(CAx(f, + Aft))

where Ax: optical path difference between the reference light and the target light, Af: the rate of a change in frequency
in unit time, and

A,B,C: constants.

[0198] As indicated by Equation 2, the frequency component in the time-dependent change in the intensity I(t) of
reference light is expressed by the optical path difference Ax and the rate Af of a change in frequency by frequency
scanning. Accordingly, the intensity of interference light for each optical path difference can be determined provided that
the frequency component of the interference light is known, and signals for one line can be obtained by a single cycle
of wavelength sweep.

[0199] Asaconsequence, the time required for acquiring signals for one line can be shortened, and further the imaging
depth can be made greater.

[0200] An example of the basic principle of an OCT imaging system making use of a wavelength swept light source
is shown in FIG. 21 which depicts the light source 2101 as a swept laser.

[0201] Light beams, which have been successively outputted from the light source 2101 and have different wave-
lengths, are each split at a beam splitter 2104, and the thus-split light beams then travel toward a reference mirror 2102
and an imaging target 2103, respectively. At this time, reflected light which is returning from the side of the imaging
target 2103 includes light reflected on the surface of the imaging target, light reflected at shallow points in the imaging
target, and light reflected at deep points in the imaging target.

[0202] By subjecting observed interference light to frequency decomposition at a detector 2105 as mentioned above,
information on a structure at a particular position in the direction of the depth of the measuring target can be visualized.
As a result, data for one line can be obtained by a single cycle of wavelength sweep, thereby making it possible to
construct a tomographic image.

[0203] As the light outputted from the light source 2101 is of from 4 mm to 6 mm or so in coherence length, it is possible
to encompass the entire examination range in the direction of the depth of the imaging target. Itis, therefore, unnecessary
to move the reference mirror, so that the reference mirror 2102 is arranged fixedly at a constant distance. Moreover the
reference mirror is not indispensable in this embodiment as a turned optical fiber, which can return back the light, may
be set at the distal end of the reference optical path instead of the reference mirror

[0204] Because it is unnecessary to mechanically move the reference mirror as mentioned above, the OCT imaging
system making use of a wavelength swept light source, in comparison with the OCT imaging system according to the
previously described second embodiment, requires a shorter time for acquiring signals for one line and can raise the
frame rate. As opposed to a maximum frame rate of 15 fr/s (i.e., frames/second) in the OCT imaging system according
to the second embodiment, the frame rate of the OCT imaging system making use of a wavelength swept light source
is as high as from 30 to 200 fr/s or so.

[0205] Inthe case of an OCT imaging system irrespective of whether or not it makes use of a wavelength swept light
source, blood is supposed to be eliminated upon diagnosis so that absorption of light by blood cell components can be
avoided to acquire good images. A low frame rate, therefore, requires the elimination of blood for a longer time. This,
however, leads to problems from the clinical standpoint. In the case of an OCT imaging system making use of a wavelength
swept light source, images can be acquired over 30 mm or longer in the axial direction of a blood vessel by elimination
of blood for several seconds, thereby reducing such clinical problems.

[0206] Features and aspects of the OCT imaging system 2200 making use of a wavelength swept light source are
schematically shown in FIG. 22. The description which follows primarily describes differences in the OCT imaging system
2200 making use of a wavelength swept light source relative to the OCT imaging system described above as the second
embodiment with reference to FIG. 15.

[0207] The OCT imaging system 2200 making use of a wavelength swept light source includes a light source 2208.
In the disclosed embodiment, a swept laser is used as the light source 2208. This swept laser 2208 is a kind of extended-
cavity laser which includes an optical fiber 2217 and a polygon scanning filter 2208b. The optical fiber 2217 is connected
in the form of a ring with a semiconductor optical amplifier (SOA) 2216.

[0208] Light outputted from the SOA 2216 advances through the optical fiber 2217 and enters the polygon scanning
filter 2208b. Subsequent to wavelength selection through the polygon scanning filter 2298b, the resulting light is amplified
at the SOA 2216 and is finally outputted from a coupler 2214.

[0209] The polygon scanning filter 2208b selects a wavelength by a combination of a diffraction grating 2212, which
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separates light into a spectrum, and a polygon mirror 2209. The light, which has been separated into the spectrum by
the diffraction grating 2212, is condensed on a facet of the polygon mirror 2209 by two lenses (2210, 2211). As a result,
only light of a wavelength crossing at a right angle with the polygon mirror 2209 returns on the same light path and is
outputted from the polygon scanning filter 2208b. By rotating the mirror, time sweeping of wavelengths is performed.
[0210] As an example of the polygon mirror 2209, a 32-faced polygonal mirror can be used, and its rotational speed
can be 50,000 rpm or so. By the unique wavelength sweep system making the combined use of the polygon mirror 2209
and the diffraction grating 2212, high-speed and high-output wavelength sweep is feasible.

[0211] The light of the swept laser 2208, which has been outputted from the coupler 2214, impinges on the proximal
end of a first single mode fiber 2230 and is transmitted toward its distal end face. At an optical coupler 2226 arranged
midway along the first single mode fiber 2230, the first single mode fiber 2230 is optically coupled with a second single
mode fiber 2231. Therefore, the light transmitted through the first single mode fiber 2230 is split into two by the optical
coupler 2226 and the resulting two beams of light are transmitted further.

[0212] On the more distal end side of the first single mode fiber 2230 than the optical coupler 2226, an optical rotary
joint 2203 is arranged to connect a non-rotatable block and a rotatable block with each other such that light can be
transmitted.

[0213] Further, an optical-probe connector 2202 is detachably connected to the distal end of a third single mode fiber
2232 in the optical rotary joint 2203. Via the connector 2202, the light from the light source 2208 is transmitted to a fourth
single mode fiber 2223 which is inserted in an optical probe 2201 and is rotationally drivable.

[0214] Thetransmitted lightis irradiated from a distal end side of the optical probe 2201 toward a surrounding biotissure
of a body cavity while performing radial scanning. A portion of reflected light scattered on a surface or interior of the
biotissue is collected by the optical probe 2201, and returns toward the first single mode fiber 2230 through the reverse
optical path. A portion of the thus-collected, reflected light is transferred by the optical coupler 2226 to the second single
mode fiber 2231 and is introduced into a photodetector (for example, photodiode 2219) from an end of the second single
mode fiber 2231. It is to be noted that the rotatable block side of the optical rotary joint 2203 is rotationally driven by a
radial scan motor 2205 of a rotary drive unit 2204. Further, rotation angles of the radial scan motor 2205 are detected
by an encoder 2206. The optical rotary joint 2203 is provided with a linear drive unit 2207 which, based on an instruction
from a signal processor 2223, controls movement of the catheter section 101 in the direction of its insertion.

[0215] On the more distal end side of the second single mode fiber 2231 than the optical coupler 2226, an optical path
length (OPL) varying mechanism 2225 is arranged to finely adjust the optical path length of reference light.

[0216] This OPL varying mechanism 2225 is provided with a an OPL varying means for varying the optical path length
by a length equivalent to a variation in the length of a new optical probe to absorb the variation when the new optical
probe is used as a replacement.

[0217] The second single mode fiber 2231 and a collimator lens 2236 are mounted on a single axis stage 2235 movable
in the direction of an optical axis of the collimator lens 2236.

[0218] More specifically, the single axis stage 2235 forms the OPL varying means having a variable OPL range just
enough to absorb a variation in the optical path length of a new optical probe when the optical probe 2201 is replaced
by the new optical probe. In addition, the single axis stage 2235 is also equipped with a function as an adjustment means
for adjusting an offset. Even when the distal end of the optical probe 2201 is not in close contact with a surface of the
biotissue, for example, the optical probe can still be set in such a state as interfering from a position on the surface of
the biotissue by slightly varying the optical path length with the single axis stage 2235.

[0219] The light finely adjusted in optical path length by the OPL varying mechanism 2225 is combined with the light,
which has escaped from the side of the first single mode fiber 2230, at the optical coupler 2226 arranged midway along
the second single mode fiber 2231, and the combined light is received at the photodiode 2219.

[0220] The light received at the photodiode 2219 is photoelectrically converted, amplified by an amplifier 2220, and
then inputted into a demodulator 2221. At the demodulator 2221, demodulation processing is performed to extract only
the signal portion of the interfered light, and the output of the demodulator 2221 is inputted into an A/D converter 2222.
[0221] At the A/D converter 2222, interference light signals are sampled at 180 MHz as much as for 2,048 points to
produce digital data (interference data) for one line. It is to be noted that the setting of the sampling frequency at 180
MHz is attributed to the premise that approximately 90% of the cycle of wavelength sweep (12.5 usec) be extracted as
digital data at 2,048 points when the wavelength sweep repetition frequency is set at 40 kHz. The sampling frequency
should be understood, therefore, not to be limited specifically to the above-described value.

[0222] The interference light data in line unit, which have been produced at the A/D converter 2222, are inputted into
a signal processor 2223. At this signal processor 2223, the interference light data are frequency-resolved by FFT (Fast
Fourier Transform) to produce data in the direction of the depth. These data are then coordinate-transformed to construct
tomographic images at respective positions in the blood vessel. The tomographic images are then outputted at a pre-
determined frame rate to an LCD monitor 2227.

[0223] It is to be noted that the signal processor 2223 is connected with a position control unit 2234. The signal
processor 2223 performs control of the position of the single axis stage 2235 via the position control unit 2234. In addition,
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the signal processor 2223 is also connected with a motor control circuit 2224 to control rotational drive by the radial scan
motor 2205.

[0224] The overall construction of the catheter section 101 and the construction of the distal end portion of the catheter
are similar to those of the catheter and catheter section in the OCT imaging device described above as the second
embodiment with reference to FIG. 16. Thus, a detailed description of the features of the catheter section is not repeated.
[0225] Features of the signal processor 2223 in the OCT imaging system 2200 making use of a wavelength swept
light source are schematically illustrated in FIG. 23. The signal processor 2223 includes a control unit 2305 which
systematically controls the OCT imaging system 2200 making use of a wavelength swept light source in its entirety. The
signal processor 2223 also includes line memory unit 2301. At the line memory unit 2301, interference light data trans-
mitted from the photodiode 2210 via the demodulator 2221 and A/D converter 2222 are successively received in cycle
units of wavelength sweep, and are temporarily held.

[0226] The interference light data temporarily held in the line memory unit 2301 are read in accordance with output
pulses from the encoder 2206 as needed (based on instructions from the control unit 2305), and subsequent to their
frequency resolution into data in the direction of the depth by FFT, are fed to a signal post-processor 2303 by a line data
construction unit 2302. Additional details about the line memory unit 2301, the writing operations to the line memory unit
2301 and the reading operations from the line memory unit 2301 will be described below.

[0227] The signal post-processor 2303 performs processing such as frame correlation, gamma correction, contrast
adjustment and sharpness filtering on the interference data read from the line data construction unit 2302, and outputs
the resulting data to an image construction unit 2304.

[0228] At the image construction unit 2304, streams of interference light data in cycle units of wavelength sweep of
interference light (line units) are converted into video signals having a predetermined gray scale. Based on the video
signals, tomographic images to be displayed on the LCD monitor 2227 are constructed.

[0229] FIGS. 24A-24D illustrate features associated with the line memory unit 2301 in the OCT imaging system 2200
according to the third embodiment and the processing that occurs at the line memory unit 2301. The line memory unit
2301 is composed of line memories (2401, 2402, 2403) for three lines. Interference light data are inputted in wavelength
sweep cycle units (line units) to the line memory unit 2301. The inputted interference light data are written in the line
memories in synchronization with the timing of wavelength sweep of interference light.

[0230] Here, each writing is performed to the one of the line memories, other than a line memory being read, storing
oldest interference light data. At this time, the oldest interference light data which have already been written are deleted.
[0231] On the other hand, the reading of interference light data from each line memory is performed in synchronization
with a corresponding output pulse from the encoder 2206. The reading is performed from the one of the line memories,
other than the line memory being read, storing the latest (newest) interference light data.

[0232] An example is described with reference to FIGS. 24A-24D. FIG. 24A illustrates a state in which interference
light data 1 are stored in the line memory A(2401), interference light data 2 are stored in the line memory B(2402), and
interference light data 0 are stored in the line memory C(2403).

[0233] Now assume that interference light data 3 have been inputted. Supposing that no reading of interference light
data is being performed from any one of the line memories at the time point of the input of the interference light data 3,
adeterminationis made as to which one of the line memories A(2401) to C(2403) contains the oldestinterference light data.
[0234] Now assume that these interference light data become older in the order of the interference light data 2 — the
interference light data 1 — the interference light data 0 (oldest). Accordingly, it is the line memory C(2403) that stores
the oldest interference light data, and the interference light data 3 are hence written in the line memory C(2403). The
writing of interference light data in the line memory can be controlled by a writing control unit forming a part of the control
unit.

[0235] When an output pulse is received from the encoder 2206 during the writing of the interference light data 3,
reading of interference light data is initiated. Because the line memory C(2403) is being written at this time, it is either
the line memory A(2401) or the line memory B(2402) that is possibly to be subjected to reading.

[0236] Now comparing the interference light data 1 stored in the line memory A(2401) with the interference light data
2 stored in the line memory B(2402), the interference light data 2 are newer and so the interference light data 2 stored
in the line memory B(2402) are read. The reading of the interference light data in the line memory can be controlled by
a reading control unit forming a part of the control unit.

[0237] FIG. 24B illustrates a state in which the writing of the interference light data 3 and the reading of the interference
light data 2 have been completed.

[0238] Then assume that interference light data 4 have been inputted as depicted in FIG. 24C. Supposing that no
reading of interference light data is being performed from any one of the line memories at the point in time of the input
of the interference light data, a determination is made as to the one of the line memories A to C in which is stored the
oldest interference light data.

[0239] Asitis the line memory A that stores the oldest interference light data, the interference light data 4 are written
in the line memory A.
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[0240] When an output pulse is received from the encoder 2206 during the writing of the interference light data 4,
reading of interference light data is initiated. Because the line memory A is being written at this time, it is either the line
memory B or the line memory C that is possibly to be subjected to reading.

[0241] Now comparing the interference light data 2 stored in the line memory B with the interference light data 3 stored
in the line memory C, the interference light data 3 are newer and so the interference light data 3 stored in the line memory
C are read.

[0242] FIG. 24D illustrates a state in which the writing of the interference light data 4 and the reading of the interference
light data 3 have been completed. Subsequently, similar processing is repeated.

[0243] Set forth below is a description of the processing at the line memory unit 2301 to achieve the above-described
signal processing. It is to be noted that the description will hereinafter be made under the assumption that the number
of lines per rotation is 1,024, though this can be varied.

[0244] The writing processing at the line memory unit 2301 is carried out as shown in FIG. 25A. Initially, in step S2501,
a determination is made as to whether or not an input of interference light data in line unit has been made. If the input
has not been made, the process remains in standby. One the input is made, the process advances to step S2502 in
which it is determined which of the line memories in the line memory unit 2301, other than a line unit being subjected to
reading processing, is the line memory storing the oldest interference light data.

[0245] If the particular one line memory storing the oldest interference light data is determined to be the line memory
A in step S2502, the process advances to step S2503. If it is determined in step S2502 to be the line memory B, the
process advances to step S2504. If it is determined in step S2502 to be the line memory C, the process advances to
step S2505.

[0246] Instep S2503, the interference light data inputted in step S2501 are written in the line memory A. In step S2504,
the interference light data inputted in step S2501 are written in the line memory B. In step S2505, the interference light
data inputted in step S2501 are written in the line memory C. The above processing is performed whenever interference
light data are inputted.

[0247] The reading processing at the line memory unit 2301 is shown by the flow chart in FIG. 25B. In step S2511, a
determination is made as to whether or not an output pulse from the encoder 2206 has been received. If it has not been
received, the process remains in standby. Once the output pulse is received, the process advances to step S2512, in
which the one of the line memories in the line memory unit 2301, other than a line memory being subjected to writing
processing, storing the latest (newest) interference light data is determined.

[0248] If the particular one line memory is determined to be the line memory A in step S2512, the process advances
to step S2513. If it is determined in step S2512 to be the line memory B, the process advances to step S2514. If it is
determined in step S2512 to be the line memory C, the process advances to step S2515.

[0249] In step S2513, the interference light data stored in the line memory A are read. In step S2514, the interference
light data stored in the line memory B are read. In step S2515, the interference light data stored in the line memory C
are read. The above processing is performed whenever interference light data are inputted.

[0250] Examples of the writing/reading processing at the line memory unit 2301 are described below with reference
to FIGS. 26A and 26B.

[0251] When not synchronized (when the radial scan motor is delayed relative to the cycle of wavelength sweep)
[0252] FIG. 26A is a timing chart illustrating a situation in which the output pulses from the encoder 2206 and the
timing of wavelength sweep cycle are out of synchronization. In this figure, numeral 2601 indicates the timing of trigger
signals which control the timing of wavelength sweep. Numeral 2602 designates the timing of reception of reflected light
from a surrounding biotissue of a body cavity in response to light subjected to wavelength sweep on the basis of the
trigger signals 2601.

[0253] FIG. 26A shows that the output pulses from the encoder 2206 are delayed relative to the timing of production
of interference light data for a delay of the radial scan motor. Specifically, FIG. 26A shows a state that, because the
output pulses from the encoder 2206 are delayed relative to the production timing of interference light data, the reading
of Data 4 is performed without effecting the reading of Data 3.

[0254] In other words, despite the production of Data 3 as interference light data (2603), Data 4 are produced and
stored in the lime memory unit 2301 before Data 3 are read. At the point in time (timing 2611) when an output pulse
from the encoder 2206 has been received, the latest interference light data are, therefore, determined to be Data 4
instead of Data 3. As a result, Data 3 are not read, but rather Data 4 are read.

[0255] It is to be noted that Data 3 will not be used for the construction of a tomographic image because they will be
overwritten by interference light data to be produced subsequently.

[0256] When not synchronized (when the radial scan motor is advanced relative to the cycle of wavelength sweep)
[0257] FIG. 26B is a timing chart illustrating a situation in which the output pulses from the encoder 2206 and the
timing of wavelength scanning cycle are out of synchronization. FIG 26B shows that the output pulses from the encoder
2206 are advanced relative to the production timing of interference light data for an advance of the radial scan motor.
[0258] Specifically, FIG. 26B shows a state in which, because the output pulses from the encoder 2206 are advanced
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relative to the production timing of interference light data, the production of interference light data as Data 4 has not
been completed at the time that Data 4 are supposed to be read and therefore the reading of Data 3 has been performed
again.

[0259] In other words, at a time (2612) when an output pulse from the encoder 2206 has been received, the latest
interference light data are determined to be Data 3 so that the reading of Data 3 is performed again.

[0260] As is evident from the above description, the OCT imaging system making use of a wavelength swept light
source according to this embodiment makes it possible to perform appropriate reading of interference light data in
accordance with the rotation cycle of the probe in radial scanning even when no synchronization is achieved between
the rotation cycle of the probe in the radial scanning and the wavelength sweep cycle of light irradiated from the probe.
[0261] As a result, it is possible to reduce or eliminate difficulties encountered in other systems mentioned above in
which a tomographic image may be displayed blurred in the circumferential direction or may be displayed while slowly
turning.

[0262] The principles, preferred embodiments and modes of operation have been described in the foregoing specifi-
cation. However, the invention which is intended to be protected is not to be construed as limited to the particular
embodiments disclosed. Further, the embodiments described herein are to be regarded as illustrative rather than re-
strictive. Variations and changes may be made by others, and equivalents employed, without departing from the spirit
of the present invention. Accordingly, it is expressly intended that all such variations, changes and equivalents which
fall within the spirit and scope of the present invention as defined in the claims, be embraced thereby.

Claims
1.  Animage diagnostic system comprising:

a probe positionable in a body cavity and configured to repeatedly transmit signals into a body cavity and receive
reflected signals which are reflected by biotissue surrounding the body cavity;

a control unit configured to produce data based on the reflected signals to construct a tomographic image of
the body cavity and surrounding biotissue, the control unit comprising:

plural storage units in which are to be stored the data in transmission/reception units;

a writing control unit configured to control writing processing of the data in which the data is written in the
storage units in accordance with a transmission/reception timing of the signals;

a reading control unit configured to control reading processing of the data stored in the storage units in
which the data stored in the storage units is read in accordance with a rotation angle of the probe;

the writing control unit controlling the writing processing to write the data in the storage unit in which stored
data is oldest;

the reading control unit controlling the reading processing to read the data in the storage unit in which the
stored data is newest; and

a display unit configured to display the tomographic image constructed by the control unit based on the data
read by the reading control unit.

2. Theimage diagnostic system according to Claim 1, wherein the probe comprises an ultrasonic transducer configured
to transmit and receive ultrasounds.

3. The image diagnostic system according to claim 1, wherein the probe comprises an optical probe and an optical-
probe connector adapted to be connected to a low-coherence light source configured to output the signal in the
form of light, the control unit producing the data based on interference light between the light reflected in the body
cavity and received through the optical probe and a reference light split from the light outputted from the low-
coherence light source.

4. The image diagnostic system according to Claim 3, wherein the light source is configured to output a wavelength-
swept laser beam.

5. The image diagnostic system according to Claim 1, wherein the writing control unit controls the writing processing

to write the data to the storage unit in which the stored data is oldest and which is not being read by the reading
control unit.
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The image diagnostic system according to Claim 1, wherein the reading control unit controls the reading processing
to read the data from the storage unit in which the stored data is newest and which is not being written to by the
writing control unit.

An image diagnostic apparatus for controlling a probe, which is adapted to be connected to the image diagnostic
apparatus and which repeatedly transmits signals into a body cavity which are reflected by biotissue surrounding
the body cavity to perform radial scanning within the body cavity, the image diagnostic apparatus comprising:

a control unit configured to produce data based on the reflected signals and to construct a tomographic image
of the body cavity and the biotissue surrounding the body cavity on a basis of the data; and

a display unit configured to display the tomographic image,

the control unit comprising:

plural storage units in which are to be stored the data in transmission/reception units;

a writing control unit configured to control writing processing of the data in the storage units in accordance
with a transmission/reception timing of the signals;

a reading control unit configured to control reading processing of the data stored in the storage units in
accordance with a rotation angle of the probe;

the writing control unit controlling the writing processing to write the data in the storage unit which contains
stored data that is oldest and which is not being subjected to reading processing;

the reading control unit controlling the reading processing to read the data in the storage units which contains
the stored data that is newest and which is not being subjected to writing processing; and

the tomographic image being constructed based on the data read by the reading control unit.

The image diagnostic apparatus according to Claim 7, wherein the probe to which the image diagnostic apparatus
is adapted to be connected comprises an ultrasonic transducer which transmits and receives ultrasounds, and the
data is produced by the control unit based on ultrasound waves reflected in the body cavity and received through
the probe.

The image diagnostic apparatus according to Claim 7, wherein the probe to which the image diagnostic apparatus
is adapted to be connected is connected to a light source capable of outputting light, with the probe being configured
to transmit and receive the light, and the data are produced based on interference light between light reflected in
the body cavity and received through the probe and a reference light split from the light outputted from the light source.

The image diagnostic apparatus according to Claim 9, wherein the light source is configured to output a wavelength-
swept laser beam.

19



103.

" FIG. 1




EP 1 839 569 A2

00T

|
I _ \\
I aa I
" =] oooo0o m..‘mo.ﬂ
" _
|
i |
! |
A |
i 7 L1noAD | |
_ YOLOW | ! .
“ A P SR _
! 9tz T 512y !
| | . |
_ ¥0SS320%d ¥ !
! alv TVNOIS 1| LINN 3ANG YYaANDT |e—i—
_ 7 A H |
| bt g/ ¥ |
! I dOLOW || |
| L~—222 I || ¥3a00N3 NVIS || 1
“ 1 WIAVY ||l o1
| 1 1Nn [ | :
“ ¥ JATYA A¥V10Y ] L
! 1w 7 i ]
! IR €1T 11 1NN |
! ,, Y3AI3OIY AT T (o] L L ¥3ONASNVYL | |
! [43LLINSNVYL I AYY.LOY 1 DINOSYYLIN| |
_ TYNOIS DINOSYYLIN | 7 1= 7 i
! 7 I 112 11202 102 |
“ rees A A ]

21



EP 1 839 569 A2

LLE

30)

22



EP 1 839 569 A2

X0 4

oy Loy b0p

qLor ELOv

907

L0E

10} 4

£0€

FAhER

23



EP 1 839 569 A2

(HD

cor

LOY

24



EP 1 839 569 A2

LINN T0YLNOD

)

#09
WOSS3D0Ud Aw.w_m__m
-1S0d |-~
NOLLONYLSNOD
TYNOIS o
1INN
, w NOISSIWSNYY.L
209 €09 w
1INN 509
>dozm_>_ c— U L
INIT
)
109
) ¥300DN3
V.LVd OHD3 SIVNDIS 03AIA~ Vs
522 WOY4 S351Nd
ANNOSYYLIN v LAdLNO
(b22) (€1T) (922) (120) (§T2)
HALYIANOD YOLINOW 11004910 NEINERERT; 1INN
a/v ani JOYINOD  YILLITWSNVYL IATIA
YOLOW IVNOIS AVANI]
JINOSYYLIN

9°'O1I4

25



EP 1 839 569 A2

—701
line 768 " line 256
702 i3
. 3 °  401b
101 o
[To]
(a)

703

(b)

26



FIG.8A

801

EP 1 839 569 A2

892

ULTRASOUND
ECHO DATA 3

)

LINE MEMORY A
(ULTRASOUND
ECHO DATA 1)

LINE MEMORY B
(ULTRASOUND
ECHO DATA 2)

LINE MEMORY C
(ULTRASOUND
ECHO DATA 0)

)

FIG.8B

Y
ULTRASOUND
ECHO DATA 2

\
803 Z
601

LINE MEMORY A
(ULTRASOUND
ECHO DATA 1)

LINE MEMORY B
(ULTRASOUND
ECHO DATA 2)

LINE MEMORY C
(ULTRASOUND
ECHO DATA 3)

FIG.8C

ULTRASOUND
ECHO DATA 4
|
]
LINE MEMORY A | LINE MEMORY B | LINE MEMORY C
(ULTRASOUND | (ULTRASOUND | (ULTRASOUND

ECHO DATA 1)

ECHO DATA 2)

ECHO DATA 3)

FIG.8D

]
ULTRASOUND
ECHO DATA 3

LINE MEMORY A
(ULTRASOUND
ECHO DATA 4)

LINE MEMORY B
(ULTRASOUND
ECHO DATA 2)

LINE MEMORY C
(ULTRASOUND
ECHO DATA 3)

27




EP 1 839 569 A2

FIG.9

START
(WRITING)

S901

ULTRASOUND
ECHO DATA
RECEIVED?

$902

IN WHICH ONE
OF THE MEMORIES
OTHER THAN THAT BEING
READ ARE THE OLDEST
DATA STORED?

B

5903 5904 5905
v [ [ i/

WRITE IN WRITE IN WRITE IN
LINE MEMORY A LINE MEMORY B LINE MEMORY C

28



EP 1 839 569 A2

51001

OUTPUT PULSE
RECEIVED FROM
ENCODER?

$1002

WHICH ONE
OF THE MEMORIES
OTHER THAN THAT BEING
WRITTEN ARE THE LATEST
DATA WRITTEN?

B

S1003 S1004 S1005
v [ [ v [

READ FROM READ FROM READ FROM

LINE MEMORY A LINE MEMORY B LINE MEMORY C

END

29



EP 1 839 569 A2

awe.y BUO JO Jul0d JeYS

REREERERRRRINEERE

(49quinu sulj)

L.. 1un Alowsw sui| Jo 3ndino
mok\

(ZH12L°0€=4)

19pooud wol

es|nd jndino

poi’

(1e381p)
ejep 0yaa punosenn

mo:\

botedafd- hfodohafeds dedalolde B O I hdedalde doqob b qebabde 4-bbd- T AT Amo_w:mv
0ol Dbl L LS L LN NN LN TN Lo LN LA T LN L. oYoe punosenn
zou”
ZHAZL0E=4
L._.:._. ._ LA ._. NSRRI DN RN RN N RSN r_ Ll blnts il i jeusis 4833y

wo:\

11 OId

30



EP 1 839 569 A2

e .- (4equinu aut])

.oHun Asowew eulf o ndino
not\ _
TTVITE  (BHzL0e>d)
49pooUd WOoJY
ssind jndino

pout’

r (1e¥31p)
ejep oyoe punosenin

eort”

Y

SRNEY ik e fefetokde Ao polmdngat ebdedabals e 4o b e o+ e dobakdn Hepehdapal e -r.'\nr~. Awo_ﬁcmv
SEPZARNRASURBIARSRR SED ARRER . AP ERNER VAT SHENR NEPARNAR, U AN AL LNl oyoe punoseqyn

2017

' - . -
LRRRRR R RNARENERENNNA ANARREARRLRERNRRARE I e

ou”

ARIE

31



:_t_r_;:::_:_:i

EP 1 839 569 A2

E

LbshyisasdsiaL oy

hee

I

(4equinu aulj)

g_m Jjun Aowsw sulj jo indino

g o:‘\
(ZHMZL'0E<)

"Japoous wody

..o.w_:a ndinc’
o1’

(1e3131p)

elep OYo® punose.n

€01 \.H
(30ojeue)

oyo9 punosesyn

4 o:\.\
ZHMZL'08=}

jeusis 1935113

out

g¢l "Old

32



EP 1 839 569 A2

A

GoEL.

| | +
Tlﬁy?{%%?:i«»%\: AHu (ay
90¢1
.
poeL -
Nomh
. >> >>f>> >>..._> A,
| << < << << < <<
- e)
_/mp,wmv _ sutes anem "~

1oL

¢l "Old

33



1401

S

LOW-
COHERENCE
LIGHT
SOURCE

EP 1 839 569 A2

FIG.14

1402

|

REFERENCE
MIRROR

A

L 1404

7

1403

S

i

IMAGING
TARGET

34

DETECTOR [|~— 1405




EP 1 839 569 A2

HOLVYINAOW

-3d

an

z1s1/

L~—T18T

e1s1/

ad

0151/

A2¥N0OS
1HOIN
JONIYIHOD
-MO1

6051/

8¢St

. 1INN m 00ST
10Y.LNOD NOILLISOd | —
|
. 1INJYID|, “
104.LNOD YOLOW !
czct/ 43 TT10YLNOD !
Npp—— Y3LIWONVAIVD |
TYNDIS . vest/ | “
7 | | I---€0T
|
pTST £2ST—7 i m
0¢stT -< ST _
1251 Ammmﬁ | |
! |
e |
61ST 8IST  LIST m 91ST !
P erlyosifpnsppradipresfoipos sy sy iy e . |
T /08T
LINN JAINA YVANII “
N I---20T
YOLOW SOST 101
i ¥3AOON3[|  Nyos vIavy |l !
lpr e e e e
l LINN JATHA A¥VLOY | i 2051 08T |
1 Y /.vomﬁ I |
| INIOL AYV10d X 380Yd | !
i / 1V¥JI1LdO ) [ avo1Ldo] |
__gosv” o _OEST L vest ]

35



EP 1 839 569 A2

£oy
A

2

cor L0994 0P

qL094 84094

90y

10

gov

£0€

91 ‘DI4

36



EP 1 839 569 A2

37

LINN TO¥LNOD ,
m A
pOLT
(2sQ)
LINA| | 1INN
NOILD3¥0D [ NOILONYLSNOD
JOVIT
) }
041 £0LT
1IN
AYOWANW |e Ay $
INIT
)
10L1
) ¥300ON3
V.LVQ LHOI STYNSIS 03dIA~] |y 35N /1 (60ST) (9251)
3ONIYISUIINI p1st (houd =ds1d 32¥N0S LHOIT 1INA
(ETST) (£2ST) (sggp) ~ ON¥IMO2 NOuLNOD
Y3ILYIANOD YOLINOW LINJ¥ID (£0ST)
a/n an T0Y¥1NOD LINN
dOL0NW 3AIdd
¥VaNI

LT OIA



EP 1 839 569 A2

FIG.18A

1801
L

18102

INTERFERENCE
LIGHT DATA 3

)

)

¥

LINE MEMORY A
(INTERFERENCE
LIGHT DATA 1)

LINE MEMORY B
(INTERFERENCE
LIGHT DATA 2)

LINE MEMORY C
(INTERFERENCE
LIGHT DATA 0)

)

FIG.188B

\J

INTERFERENCE
LIGHT DATA 2

1803 |
1701

LINE MEMORY A
(INTERFERENCE
LIGHT DATA 1)

LINE MEMORY B
(INTERFERENCE
LIGHT DATA 2)

LINE MEMORY C
(INTERFERENCE
LIGHT DATA 3)

FIG.18C

LINE MEMORY A
(INTERFERENCE
LIGHT DATA 1)

LINE MEMORY B
(INTERFERENCE
LIGHT DATA 2)

LINE MEMORY C
(INTERFERENCE
LIGHT DATA 3)

v
INTERFERENCE
FIG 1 8 D LIGHT DATA 3
INTERFERENCE
LIGHT [I)ATA 4
¥

LINE MEMORY A| LINE MEMORY B| LINE MEMORY C
(INTERFERENCE [ (INTERFERENCE | (INTERFERENCE
LIGHT DATA 1) | LIGHT DATA 2) | LIGHT DATA 3)

38

Y

INTERFERENCE
LIGHT DATA 3




EP 1 839 569 A2

FIG.19A

START

(WRITING))

y

S

INTERFERENCE
LIGHT ECHO DATA
RECEIVED?

IN WHICH ONE
OF THE MEMORIES

READ ARE THE OLDEST
DATA STORED?

B

51903 51904
[ [

OTHER THAN THAT BEING

S1901

S1902

¢ [51905

WRITE IN

LINE MEMORY A

WRITE IN
LINE MEMORY B

WRITE IN
LINE MEMORY C

END

39



EP 1 839 569 A2

51913
v [

OF THE MEMORIES
OTHER THAN THAT BEING
WRITTEN ARE THE LATEST

S1911

OUTPUT PULSE
RECEIVED FROM
ENCODER?

S1912
WHICH ONE

DATA WRITTEN?

B

51914 51915
[ v [

READ FROM
LINE MEMORY A

READ FROM READ FROM
LINE MEMORY B LINE MEMORY C

END

40



EP 1 839 569 A2

EEERERE

: (dequinu aul))
. jun Aiowsw aul| jo 3ndino

00z’
(zHM2ZL0E>d)

Japooua wo.ly
esijnd yndino

0027

(leu31p)
elep yS1| 8oUBIBUI

00z’

(Sojeue)

Lot LN LA L | [eusis Y8y paAleoal
[ e
w 2002
._ .._. :.. ._ .~ . ! e ZHZL08=4
TIOR3 O 0 90 O O A O 0 0 0 O & 5 00 0 0 G G 0 A 1 55 O L ..._ RENEES .—... L.. ,_mcw_m 193310
10025

V0¢ Old

41



T

EP 1 839 569 A2

74
AN
¥4
AN

how

.- (48quinu 8ul})
.. Jun Atowew euy| 40 a:.&:o

c002”
- (ZHZL08<H)

depoous Wouj
asind ndyno

pooz’

. (leusip)
e1ep 343y Souslopa

moom\'\

Loe (3ojeue)
"[eusis Bl paAieoad

2002"

- ZHMZL'0E=4
_mr._w_m 183313

100z

a0z I

42



EP 1 839 569 A2

FIG.21

2102
REFERENCE
MIRROR
2101 2104 2203
LIGHT ,65?// IMAGING
SOURCE 657, TARGET

DETECTOR [~—2105

43



EP 1 839 569 A2

| T PEZZ ~ TINnl | ooez
| Pt 10¥.LNOD NOLLISOd m —
|
! L222 !
_ . 1InJ4d10 _
“ 10Y.LNOD HOLOW “
| veee! §22¢ m
|
| _[NOIVINAOW] [ oy Y055300%d : |
_ -3 TVNODIS e Lo, ' cor
! J J , T— _ -~
) |
| | s€22 < “ |
“ “ 9£2e i |
| X~—022¢ | i !
| ' | | |
I | }
| | (zez 8T 6TIz | !
| ———————— L L L T LT LT e ] —
_ llllllllllllllllllll [}
! SNLvdvddy ONIATaaL —+40¢d
| INIT LHOIVYLS )
| \\ ! --201
_ T
_ YOLOW}H 5022 101
| ¥3000N3 NYOS TVIAVY| |« :
m 1INN wzmo >~_</5m mm oz Aoz
| INIOC AuvLow] _P0Ze || 38094
| 1¥2LLdO i ([ 1v21LdO
! ... CeTT | egt

44



EP 1 839 569 A2

¢e¢'9OIA

1INN T0¥LNOD
w A
S0€2
W0SS3D0Yd | Gmo_w
-150d [ \ 011 50 13RO
1WNDIS LONOD
[ w w
€0ET POET
NOLLINAONS
v1iva anin [ ¢0&l
I
- 1INN
AMOWIW e N7 $
INIT
|
10£2
VLYQ LHOTT crys STYNOIS 03AIA] o A2NT (8022) (L022)
JONIYI4EILNI ¥ “1NdLnO 3D24N0S 1INN
(z222) (L222) wzzz) TN ez AR
¥3LNIANOD YOLINOW LIND¥ID 1INN
an ad1 1041INOD 10¥1NOD
YOLOW NOLLISOd

45



EP

FIG.24A

24[0 1

1 839 569 A2

24102

INTERFERENCE
LIGHT DATA 3

)

)

¥

LINE MEMORY A
(INTERFERENCE
LIGHT DATA 1)

LINE MEMORY B
(INTERFERENCE
LIGHT DATA 2)

LINE MEMORY C
(INTERFERENCE
LIGHT DATA 0)

FIG.248B

R
INTERFERENCE
LIGHT DATA 2

]
l

2403
2301

LINE MEMORY A
(INTERFERENCE
LIGHT DATA 1)

LINE MEMORY B
(INTERFERENCE
LIGHT DATA 2)

LINE MEMORY C
(INTERFERENCE
LIGHT DATA 3)

FIG.24C

LINE MEMORY A
(INTERFERENCE
LIGHT DATA 1)

LINE MEMORY B
(INTERFERENCE
LIGHT DATA 2)

LINE MEMORY C
(INTERFERENCE
LIGHT DATA 3)

FIG.24D

INTERFERENCE

OPTICAL DATA 4

\J

INTERFERENCE
LIGHT DATA 3

y

LINE MEMORY A
(INTERFERENCE
LIGHT DATA 1)

LINE MEMORY B
(INTERFERENCE
LIGHT DATA 2)

LINE MEMORY C
(INTERFERENCE
LIGHT DATA 3)

46

INTERFERENCE
LIGHT DATA 3




EP 1 839 569 A2

FIG.25A

S2501

INTERFERENCE
LIGHT DATA
RECEIVED?

52502

IN WHICH ONE
OF THE MEMORIES
OTHER THAN THAT BEING
READ ARE THE OLDEST
DATA STORED?

B

52503 52504 $2505
v [ [ v /

WRITE IN WRITE IN WRITE IN
LINE MEMORY A LINE MEMORY B LINE MEMORY C

END

47



EP 1 839 569 A2

FIG.258B

START
( (READING)

52513
v/

OF THE MEMORIES
OTHER THAN THAT BEING
WRITTEN ARE THE LATEST.

S2511

OUTPUT PULSE
RECEIVED FROM
ENCODER?

S$2512
WHICH ONE

DATA WRITTEN?

B

52514 52515
[ V /[

READ FROM
LINE MEMORY A

READ FROM
LINE MEMORY B

READ FROM
LINE MEMORY C

END

48



EP 1 839 569 A2

awe.y suo jo juiod pe3s

bal da smdaboamds debohpudabab ot ol ol e depoied whedobobds cehdabeah ohedsdobadagabaan
e {obdn ol d. Y,
SEPZARNRR NEDARNRDS AR AURAR, SEESRANN SEFSRUN R SEPARTRAN UEP (AR RRRL NEFSRRAR. A0V SRS

(48quinu aul)

.un Alowsw auy| Jo INdno

6092

(ZHM2L'0E>d)
" 9poous woly

Jow_:a ua&:o
r00z7

(fe331p)

.. eyep 31| 9ousssIajul

£09z”
(8ojeue)
{euBis 3ys)| peA@oad

20927

ZHNZL'0E=}
feus|s 183113

L0927

V9¢ Old

49



EP 1 839 569 A2

RN
0201 %17

(p201>N)
ML)

(48quunu o))
Jun Asowaw auy jo ndino

092"

e (ZHMRL0ECd)
JOpodUd WOy

as|nd Indino

$002%

b

(1ev3ip)
ejep 3Y3)| eouaIBLIs U

0927

whdaial RER RN edabaiad hdapohde depebdebob ahdads ...\...... Awo_mcmv
2 P e Nt et S b e L LIS L L LSS LN A L (eusis J4B1 pani@oad

20927

0 ZH0ZL 083
[euBis 49838113

“ommg

“ee

L 1.?..“.._...{.._.;. EERRNRR IRRERRIRN! ._ R | 1 .L..:..._..._- Lol -.._.. ...L. kA .L._ Lol .m...

g9¢ OId

50



EP 1 839 569 A2
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 JPH06343637 A [0003] * JP 2001079007 A [0004]

51



	bibliography
	description
	claims
	drawings

